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ATong the en t i r e  group of f a c t o r s  which may exert  an ef- 
f e c t  i n  space f l i g h t  on l i v ing  organisms the l e a s t  w e l l  stud- 
ied i s  the e f f e c t  of fac tors  related t o  l i f e  i n  a i r t i g h t  con- 
fined spaces, that  is ,  direct ly  re la ted t o  the poss ib i l i t i e s  
f o r  fu ture  interplanetary f l igh ts .  

As a r e s a l t  of increase of the duration of spacecraft  
f l i g h t s  the poss ib i l i ty  of prolonged spacecraft  habi ta t ion 
w i l l  not be l imited by technical capabi l i t i es  and the sup- 
p l i e s  of mater ia l  goods but  m i m a r i l y  by the tolerance of 
crew members and the physiological capabi l i ty  of man t o  remain 
a long time i n  the s ingular  conditions of a i r t i g h t  enclosed 
spaces of l imited volume. The most charac te r i s t ic  f ea tu re  of 
habi ta t ion i n  an a i r t i g h t  cabin i s  the need f o r  a prolonged 
s tay of man under specif ic  conditions of the environment: an 
a r t i f i c i a l  atmosphere, hypodynamia, isolat ion,  etc.  

In  our experiments on human beings and on animals (rab- 
b i t s ,  rats,  mice) a study was made of the character of change 
o f  h igh-al t i tude tolerance i n  dependence on the r a t e  of de- 
compression, temperature and gas composition of the chamber 
and a l s o  the motor  regime. 

Pram the point of view of human physiology, modern space- 
c r a f t  equipped w i t h  a i r t i g h t  cabins apparently completely 
solve the problem of f l i g h t  i nun ive r sa l  space. However, un- 
d e r  r e a l  conditions it i s  impossible t o  negleut the p o s s i b i l -  
i t y  of a i r  leakage from the cabin. Therefore, the study of the 
time t h a t  man re ta ins  w w k  capacity a t  d i f fe ren t  r a t e s  of a i r  
decompression i n  the cabin assumes great  importance. It was 
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establ ished i n  experiments on human beings tha t  the time of on- 
s e t  of decompression p r i o r  t o  the appearance o f  well-expressed 
f'unctional disorders ( d i f f i c u l t i e s  i n  writ ing,  darkening i n  
the eyes, appearance of local  convulsions, impairment of the 
rhythm of rerpirstion, bradycardia, etc.) a t  a ra te  of ascent 
of 2 m/aee averaged 58 minutes and the a l t i t ude  ce i l i ng  was 
6,527 m. In the case of an ascent a t  a r a t e  of 0.1 m/sec these 
values were as follows: 15 hours 21 miwtes  and 5,101 m re- 
spect ively (Agadzhan an, Zharov, Kuznetsov, Kalinichenko, Ser- 
gigenko, e t  a l ,  19657. Having established for man the depend- 
ence of the change of the a l t i t ude  cei l ing and the reserve 
time on the decompression r a t e  P o r  t w o  d i f fe ren t  decompression 
regimes, we decided t o  broaden the investigations i n  experl- 
menta on animals. In addition t o  the ra tes  of' 2 m/sec and 0.1 
m/sec we a l s o  used other decompression ra tes  (25, 75, 150, 300, 
and 500 m/sec). A t o t a l  of 186 experiments were made. The 1-09 
s u l t s  are  given i n  Table 1, which c lear ly  shows the dependence 
of the a l t i t u d e  ce i l ing  and reserve time on the decompression 
r a t e  . 

Table 1 

NO. od 
exper 
imenti 

Change of A 
a Function 

Alt i tude ce i l ing  Reserve time 

I mean min max I mean min max 

De c olupre s - 
sion re- 
gime 

- 

26 11700 14700 13370 
30 13050 14325 13618 
22 14150 16750 16088 
38 17050 18900 18286 
30 20000 22300 21495 
40 24OOO 27200 2544.5 

2 m/sec 
25 m/sec 
75 d s e c  
150 rn/sec 
300 m/sec 
500 m/sec 

__ 
105'35'' 131'42" 121'32' 

8'42" 9'33" 9108" 
3 ' 0 8 ~  3'51" 3'32" 
115" 130' 123" 
67' 76" 72'' 
4on 55" 5ZH 

The l e s s e r  the r a t e  of ascent, the lower i s  the a l t i t ude  c e i l -  
ing and viae versa. However, i f  we consider the reserve time, 
we find that  there  l a  an inverse dependence: the slower the 
ascent i s  made, the greater  is the reserve time. The data 
from Investigation of the physiological reactions of the body 
revealed tha t  i n  the case of rapid ascents a heavy load  fa l ls  
on the central  nervous systema, whereas i n  the case of slow 
ascents the load fa l l s  on the cargiovascular system. When the 
temperature i n  the chamber w a s  21 and the decompressionorate 
was 2 d s e c  the a l t i t ude  ce i l ing  w a s  13,370 m, and a t  30 
10,221 m. Uhen the temperature in the chamber was 21° and 
the decompression ra te  was 25 m/sec the reserve time a t  an 
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a l t i t ude  of 12 000 xu was 21 minutes, at 30' 9- 4 minutes 25 
seconds, a t  40d -- 1 rninute 39 seconds. W e  established a de- 
pendence between the change of a l t i tude  tolerance not  only on 
the decompression rate and temperature i n  the pressure cham- 
ber, but a lso  on the m o t o r  regime (hypo- and hyperdynamia). 

The e f f ec t  of hypodynamia on the body may be divided ar- 
b i t r a r i l y  i n t o  two par ts :  changes i n  the body occurring d i -  
r e c t l y  a t  the t i m e  of prolonged l imi ta t ion  of muscular act iv-  
i t y  and the influence of the r e su l t s  of hypodynamia on d i f -  
f e r e n t  bully Bmcltions. 9118 first  grmp includes: muscular 
atrophy and then atrophy of the bones, t ightness  of the joints 
(Gorinevskaya, 1938; Kudryavtseva, 1940) . 

As demonstrated by the experimntal  invest igat ions of 
Agadzhanyan a n d  Kuznetsov and associates (19621, i n  the case 
of a 62-day s t ay  of a man i n  an enclosed chamber of  l imited 
volume there was a decrease of the body consumption of ox - 
mention a decrease of basal metabczlism during hypodynamia. A t  
the same time there is  a release w i t h  the ur ine of such ele- 
ments as sodium, calcium, potassium, ni t rogen,  su l fur  and phos- 
phorus 

The second group of impairments includes a decrease of the 
tolerance of the body t o  the or thos ta t ic  e f f ec t  (Taylor, e t  a l ,  
1949; Lamb, Johnson, e t  a l ,  19641, accelerations,  and large 
physical loads (Korobkov, 1961; Agadzhanyan, Poruchikov, Kak- 
urin,  Hotovskaya, e t  a l ,  1964; Miller, Leverett ,  1965). 

Taylor mentions a decrease of the  capacity of the respir-  
a tory and cardiovascular systems t o  provide a rap id  supply of 
oxygen t o  the working t i s sues  and a considerable increase of 
the amount of l a c t i c  acid i n  the body during muscular work af- 
t e r  hypodynamia. However, the l i t e r a t u r e  contains no data  on 
the e f fec t  of hypo- and hyperdynamia on tolerance t o  hypoxia. 

2S-day period of hypodynamia the a l t i t ude  ce i l ing  is decreased 
on the avw@p by 2,707 m, whereas af te r  da i ly  physical train- 
ing (sWimnfng) it inoraasea. Data on the change of t he  al- 
t i t u d e  tolerance of' rats after 10- and 2S-day periods of hypo- 
dynamia are given i n  Table 2 and i n  Figures 1 and 2. 

Clarif icat ion of the e f fec t  of prolonged breathing of 
high oxygen concentrations on the subsequent tolerance t o  
acute hypoxia (simulation of impairment of the intactness  of 
the airtight cabin) also i a  of great practical importance. 

gen and release of carbon dioxide. D i e t r i c k ,  e t  a1 (1948 v 

In experiments on animals we demonstrated that a f t e r  a 
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These experbents  revealed t h a t  i n  the case of a prolonged (up 
t o  10 days) s tay D f  animals in an atmosphere containing high 
02 concentrations ( P O  720 and 405 rum Hg) on the f i r s t  day the 

initial level, but on the days which f o l l o w ,  on the other hand, 
the toleranee t o  hypoxia is reduced sharply aa a r e s u l t  of the 
toxic e f f e c t  of oxygen (Figures 3 and 4) .  

reserve time a t  an a1 z i tude o f  12,000 m is greater  than a t  the 

A par t icu lar ly  well-expressed decrease of a l t i t ude  to l e r -  
anbe %aS *mod bmw3..Ia%elj after replacement of a medium 
w i t h  a high oxygen content by the oPdinary atmoaphere, The 
reserve time a t  an a l t i tude  of 12,000 rn i n  t h i s  case is r e d u c -  
ed t o  1.5 minutes, whereas the i n i t i a l  data indicate  an aver- 
af:e of  11.5 minutes. These data  can be used in developing a 
number of s c i en t i f i ca l ly  sound prophylactic measures f o r  en- 
suring the safety of  f l i g h t s  of modern spacecraft ,  in par- 
t i cu l a r ,  i n  developing emergency methods f o r  rescuing a crew 
f o r  d i f f e ren t  r a t e s  of leakage of the atmosphere from the air- 
t ight cabin. 

Although a large number of basic s tudies  have been devot- 
ed to the  e f f ec t  of oxygen deficiency on the body, our know- 
ledge on this problem i s  f a r  from complete and many problems 
s t i l l  remain unsolved. FDr example, whereas a thorough study 
has been made of' adaptive reactions directed t o  maintaining a 
constancy of par t ia l  pressure in the blood and t o  an increase 
of  u t i l i z a t i o n  of oxygen by the t i s sues ,  we s t i l l  h o w  l i t t l e  
about changes of tissue metabolism under the inf'luence of' hy- 
poxia. We a l s o  h o w  l i t t l e  about the change of the v i t a l  ac- 
t i v i t y  of d i f fe ren t  functional systems of the body and phys- 
io logica l  mechanisms of hpainnents ,  par t icu lar ly  the Func- 
t ions of the higher p a r t a  of the brain a r i s ing  under the in- 
fluence of hypoxia. It has been established tha t  the dynamics 
of change of the bioelectr ic  ac t iv i ty  of the brain under the 
influence of hypoxia passes through three stages : predomin- 
ance of rhythms of exci ta t ion ( f rom an a l t i t ude  of 1,000 m ) ,  
a dominance of slow-wave ac t iv i ty  (from an a l t i t ude  of 8,000 
m) and from a a l t i t ude  of 11,000-12,000 m there is a suppres- 
s ion of e l e c t r i c a l  ac t iv i ty  u p  t o  complete a t tenuat ion (Liv- 
anov an& Parfaaova, 1945; Halkin, Rasumeyev and I z o s b o v ,  
1965; Motoboyaehl, Mitaran, Ando, 1963; Gezalyan, Il'ln, Raz- 
umeyev, 1966 and others).  

The dynamics of conditioned re f lex  ac t iv i ty  under the in- 
fluence of hypoxia I s  more complex, The f i r s t  changes of the 
conditioned reflexes are observed a t  a l t i tudes  of l , O O O - 3 , O O O  
m (ehortening of the latent period, increase of the expression 
of the eondltioned reflex88 and unconditioned sa l iva t ion )  and 
a t  great  a l t i tudes  (4,000-6,000 m) the animals usual ly  manf- 
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f e s t  phase s t a t e s  (L i f sh i t s ,  1949; Zvorykin, 1951; Altukhov, 
1952; Mal'medehak and Pleln,  1951 and others) .  A t  a l t i t udes  
of 6,000-7,000 m alimentary conditioned re f lex  react ions 
completely disappear bu t  defense ref lexes  remain (Agadzhangan, 
1956). Thus, the disappearance of  conditioned reflexes occurs 
even While a stage of exci ta t ion remains on the EEG. These 
changes of conditioned re f lex  ac t iv i ty  are  a t t r ibu ted  by the 
authors t o  impairment i n  the i n i t i a l  stages of the processes 
of conditioned I n h i b i t i o n  and i n  the subsequent development 
of protective .inhihitian, 

In  the absolute majority of the investigations made on 
animals the recording of the  EEG and the conditioned re f lex  
method were used separately a t  the time o f  hypoxia f o r  study 
o f  cerebral  functions. Under conditions of f r ee  movement of 
the animals w e  attempted t o  combine s tudy  of conditioned re- 
f l e x  a c t i v i t y  w i t h  a simultaneous investigation of  changes of 
the EEG under the influence of hypoxia, tha t  is ,  es tabl ish 
a correlat ion o f  the changes of the b ioe lec t r ic  ac t iv i ty  of 
the brain and the conditioned ref lex act ivi ty .  

The experiments were made on s i x  rabbi ts  w i t h  the record- 
ing o f  biDp3tentials under conditions of f r ee  movement, 
f r m  the visual  region of the cortex of the l a t e r a l  f i e l d  of 
the hypothalamus, d o r s a l  hippocmpua and r e t i cu la r  formation 
of  the midbrain. In  a l l  the animals we produced a conditioned 

alimentary re f lex  toarhythmic l i g h t  stimulus ( 5  f lashes  per 
second) and negative different ia t ion ( 3  f lashes  per 2 seconds). 
With a strengthened re f lex  the react ion of ass in i la t ion  of 
the rhythm of the stimulus was regis tered i n  the cortex and i n  
the l a t e r a l  f i e l d  of the hypothalamus (hunger center  -- Anand, 
1954, and others) and was absent i n  the other studied leads. 

When the animals i n  the pressure chamber ascended a t  the 
r a t e  of 25 rn/sec it w a s  noted tha t  a t  an a l t i t ude  of about 
3,000 m an a l lev ia t ion  of the conditioned alimentary ref lexes  
began and there  w a s  an increase of the inters ignal  alimentary 
movements, which correlates  w i t h  the appearance of an in te r -  
s ignal  manifestation of the reaction of ass imilat ion of the 
rhythm o i  %b rigaal op the E60 of the l a t e r a l  f i e l d  of the 
hypothalamus. Thfa indiaatea an inarease of exci ta t ion of the 
an ter ior - la te ra l  par ts  of the hypothalamus a t  these a l t i t udes ,  
which may explain the al leviat ion of the conditioned ref lexes  
of the animals, and i n  human subjects -- manifestations of eu- 
phoria and exal ta t ion (Sirot inin,  1954) 

A t  a l t i tudes  of 5,OOO=7,OOO rn the  conditioned alimentary 
ref lexes  disappeared and the EEG showed a compulsive react ion 
not only i n  the cortex and hypothalamus, but a l so  i n  the 
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r e t i c u l a r  formation o r  the midbrain (general izat ion) ,  whitah I s  
evidencm of a change of the biological significance of the 
tranemitted signal and an increase of excitation of the now 
spec i f ic  system of the brain stem. 

* 

W i t h  a further ascent we recorded a paradoxical and 8 
transforming s tage of parabiosis (Ukhtomskiy) , which i s  ex- 
pressed i n  the appearance of a change w i t h  a frequency of the 
biopotent ia ls  of 2 osci l la t ions/  sec on the E E O  of the hypo- 
thal- dl~$t;jr&alar fonoation In response t o  light flarahes 
with a freque’nay of 5 per second and re tent ion of the ordinary 
compulsive reaction i n  the visual zone of the cortex and a l s o  
ass imilat ion w i t h  a frequenoy of 2 per  3 seconds, which was 
not observed p r i o r  t o  the ascent. Beginning a t  a l t i tudes  of 
8,000-10,000 m the EEG shows slow waves and compulsive reac- 
t ions are not apparent in the s t ructures  of the subcortex ( in-  
h ib i t i on  phase of parabiosis) ,  but a re  retained i n  the visual  
region of the cortex. 

These experiments revealed that  as ascent continues there 
are a t  least  two qual i ta t ive stages of change of the behavior 
o f  the animals i n  conditioned ref lex ac t iv i ty  and on the EEG: 
one a t  an a l t i t ude  of 3,000 m, where there is an a l lev ia t ion  
of the conditioned reflexes,  and a second a t  an a l t i t ude  of 
6,000 m, where the alimentary reflexes disappear bu t  the de- 
fense ref lexes  remain. Rhythms of  exci ta t ion dominate on the 
EEG a t  t h i s  time. I n  a special  se r ies  o f  experiments we made 
a quant i ta t ive evaluation of the changes of the EEG, and i n  
par t icu lar  w 0  devoted at tent ion t o  changes of the energy of 
the d e l t a  waves (determined using an integrator)  because the 
decrease of the l a t t e r  was evidence of a s h i f t  of  the EEG f r e -  
quency t o  the r igh t ,  that  i s ,  an increase of exci ta t ion ( Z a p  
l e r  and Stumpf, 1958; Kalyuzhnyy and Kotlyar, 1966, and oth- 
e r s ) .  Determinations of t h i s  energy revealed tha t  w i t h  as- 
cent a t  a ra te  of 25 m/sec a t  an a l t i t ude  of 3,000 and 6,000 
m there is a re l iab le  decrease of the  energy of the de l ta  
waves i n  the range 25-50s of  the i n i t i a l  l eve l  (Fig.  5 ) .  T h i s  
i s  evidence that a t  these a l t i tudes  there is an increase of 
the exc i ta t ion  of the s t ructures  of the brain,  w i t h  which the 
above-srentloned ehange of higher nervous a c t i v i t y  i s  correl-  
ated 

Me a l s o  made a pharmacological analysis of the above- 
mentioned changes of the EEG. It was found tha t  the in jec t ion  
of scopolamine annuls the increase of exci ta t ion a t  an a l t i -  
tude of 3,000 m, b u t  not a t  6,000 m. The inject ion of amina- 
z in  caused the opposite effect .  

Thus, the intensif icat ion o f  exci ta t ion of the cerebral  
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subcort ical  formations a r i s ing  a t  a l t i t udes  of 2,000-3,000 w 
is assooiated w i t h  a predominance of exci ta t ion of the cholin- 
ergic  system of the  brain, par t ieular ly  the an ter ior - la te ra l  
par ts  of the hypothalamus, probably as  a r e s u l t  of inorease 
of the f l u  of impulses from the chemo- a n d  baroceptors, A t  
a l t i t udes  or 5,000-7,000 m there i s  a second qual i ta t ive  in- 
tens i f ica t ion  of exci ta t ion which i s  associated w i t h  a predorn- 
inance of the function of the adrenergic system of the brain,  
par t icu lar ly  the r e t i cu la r  formation of the brain stem and the 
hypothaxarrrrs, .d ammalt olt which there is a change of the 
b i o l o g i c a l  s lgn i f iaanae  of the eonditioned stimulus and there  
is a generalization of the rhythms of compulsiveness, the a l i -  
mentary ref lexes  disappear and the defenae reactions of the 
animals predominate. A t  great  a l t i tudes  the development of 
phases o f  parabiotic s t a t e s  occurs, which i s  expressed on the 
EZG by the appearance of s l o w  waves, as a r e s u l t  of cut t ing 
off of  the act ivat ing system of the bra in  stem, 

In order t o  develop measures ensuring an increase of al-  
t i tude tolerance we organized and carr ied out three high- 
mountain s c i e n t i f i c  expeditions t o  the Central Tien Shan. 

It w a s  demonstrated, in part icular ,  t h a k  w i t h  gradual 
acclimatization i n  the mountains a l t i t u d e  tolerance increases. 
The reserve t h e  of the animals a t  an a l t i t ude  of 12,000 m by 
the f i f t e e n t h  day of acclimatization increases on the average 
by 32$, and by the 2sth-3Oth day -- by 76%. In  the  experiments 
w i t h  human subjects and w i t h  animals it was established that  
the minimum time for mountain acclimatization is 26-28 days. 

Al so  established was a dependence of the change of a l t i -  
tude toleranee not only  on environmental conditions, but a l so  
on t i m e  of day and change of season. 

These experimental data indicate t h a t  it is necessary t o  
c rea te  an optimal  environment within the spaceship cabin and 
organize a ra t iona l  work and r e s t  schedule. 
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Fig. 1. Change of altitude ceiling for  rats as a function of 
duration of‘ hypod 
tude i n  meters; B Control; C) 10 days of hypodynamia; D) 25 

days of hypodynamia. 

amia (rate of ascent 25 m/sec)  A )  A l t i -  g. 

I 

Fig. 2. Change of “altituden of appearance of convulsions i n  
rats as a function of duration o r  h podynamia (rate of ascent 
25 m/aec). A) Altitude in meters; B I Control; C) 10 days of 

hypodynamia; D) 25 days of hypodynamia 
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Fig. 3. "Reserve time" a t  altitude of 12,000 m after different 
periods of presence i n  an atmosphere containing 90% 02. A )  min; 
B) Ini t ia l  data; C) Period of effect; D) Period of aftereffect; 

E) Days. 
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Fig. 4. "Reserve time" a t  altitude of 12,000 m ( i n  $ of in- 
i t i a l  l e v e l )  after different periods o f  presence i n  an atmo- 

sphere containing 53% 0 
A )  i n i t i a l  datal BJ Ariod  of w e d ;  8 

C) (Translator's note) : Illegible 
D) Days; E) Period of Aftereffect. 
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Fig. 5. Dynamics of changes of energy of delta waves of 
at different altitudes (in $ of initial level). Along x-axis 
-0 altitude in km; along y-axis -- energy of delta uavea. Sol- 
id line: oortex; dashed .m: reticular f omation; dot  - 
ted line: hypothalamus. A) Normalcy; B) Aminazin; C) Sco- 

polamine . 
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